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Experimental 

Crystal data 

[Rh(C74H6808P2)H( CO)2] ■ C4H10O 

M, = 1381.28 
Monoclinic, P2i 
a = 11.1489 (2) A 
b = 25.8458 (4) A 
c = 12.5941 (3) A 
= 110.263 (2)° 

Data collection 

Stoe IPDS II diffractometer 
Absorption correction: numerical 

(X-SHAPE and X-RED32; 

Stoe & Cie, 2005) 

= 0.835, r„„ = 0.959 

Refinement 

R[F^ > 2a{F^)] = 0.028 
wR(F^) = 0.063 
5 = 0.94 

16262 reflections 
834 parameters 
35 restraints 



V = 3404.43 (11) A" 
Z = 2 

Mo Ka radiation 
jLt = 0.36 mm^' 
r = 200 K 

0.40 X 0.35 X 0.15 mm 



59171 measured reflections 
16262 independent reflections 
14238 reflections with / > 2cr(/) 
Ri„. = 0.026 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Apmax = 0.66 e A"' 

Apm„ = -0.47 e A-' 

Absolute structure: Flack (1983), 
7944 Friedel pairs 

Flack parameter: —0.026 (11) 



In the title compound, [Rh(C74H6s08P2)H(CO)2]-C4HioO, the 
C2HP2 coordination set at the Rh' ion is arranged in a 
distorted trigonal-planar geometry with one P atom of the 
diphosphite molecule and the H atom adopting the axial 
coordination sites. 

Related literature 

For another crystal structure of a dicarbonyl hydrido complex 
of rhodium(I), see: Van Rooy et al. (1995, 1996). The title 
compound has recently been studied in solution, see: Selent et 
al. (2011). Structural information on this labile compound 
class is usually obtained by spectroscopy, see, for example: 
Dieleman et al. (2001); Axet et al. (2007). 




Data collection: X-AREA (Stoe & Cie, 2005); cell reflneinent: X- 
AREA; data reduction: X-AREA; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: XP in SHELXTL 
(Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: BT5848). 
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Dicarbonyl{3,3'-di-ferf-butyl-5,5'-dimethoxy-2,2'-bis[(4,4,5,5-tetraphenyl-l,3,2- 
dioxaphospholan-2-yl)oxy-A:P]biphenyl}hydridorhodium(l) diethyl ether 
monosolvate 

Detlef Selent, Anke Spannenberg and Armin Borner 
Comment 

The reaction of a mixture of dicarbonyl(acetylacetonato-K:0,0')rhodium(I) and 3,3'-di-terf-butyl-5,5'-dimethoxy-2,2'-bis- 
[(4,4,5, 5-tetraphenyl-l,3,2-dioxaphospholan-2-yl)oxy]biphenyl under an atmosphere of hydrogen and carbon monoxide 
in toluene affords the elimination of acetylacetone and the formation of the rhodium hydrido complex which, after 
recrystallization, gives the title compound (figure 1). The distances Rhl — PI = 2.3045 (5) A and Rhl — P2 = 2.2913 (5) 
A and the angle PI— Rhl— P2 = 109.66 (2)° do significantly differ from those (Rhl— PI = 2.255 (3), Rhl— P2 = 
2.239 (3) A, PI — ^Rhl — ^P2 = 115.95 (9)°) found in the only molecular structure of a similar rhodium complex known to 
date (Van Rooy et al. 1995, 1996). In the solid state, the phosphorus atoms of the diphosphite molecule adopt formally 
different axial and equatorial sites of the idealized trigonal bipyramidal geometry aroimd the rhodium center which is m 
contrast to the bisequatorial arrangement determined for both, the solution and the theoretical gas phase structure (Selent 
et al, 2011). The hydride could be found from difference Fourier map; the Rhl — HI distance was refined to 1.42 (3) A. 

Experimental 

A mixture of dicarbonyl(acetylacetonato-A:0,0')rhodium(I) (0.5161 g, 2 mmol) and 3,3'-di-^er^butyl-5,5'-dimethoxy-2,2'- 
bis[(4,4,5,5-tetraphenyl-l,3,2-dioxaphosphoIan-2-yl)oxy]biphenyl (2.524 g, 2.2 mmol) was dissolved in toluene (50 ml). 
The resulting solution was transferred to an autoclave and then stirred under an atmosphere of carbon monoxide and 
hydrogen (1:1, 2.0 MPa) at 70°C for 2 h. The clear, pale yellow solution obtained after cooling and depressurization was 
evaporated to dryness in vacuo. The residue was crystallized from diethyl ether to give 2.108 g (1.613 mmol, 81%) of the 
title compound. 'H-NMR(toluene-D8): -10.00 (d, '/hrh = 3.4 Hz) p.p.m.. ^ip-NMR (toluene-Dg): 166.1 (d, '/prh = 235 Hz) 
p.p.m.. Elemental analysis (calc. for CveHesOioPiRh = 1307.229 g/mol): C, 69.75 (69.83); H, 5.48 (5.32); P, 4.56 (4.74); 
Rh, 7.73(7.87) %. ESI-TOF/HRMS: m/e 1317.3097 (M— CO+K)+, 1249.34397 (M-2C0)+. Crystals suitable for X-ray 
analysis were obtained by recrystallization Irom diethyl ether. 

Refinement 

HI was foimd from difference Fourier map and refined freely. All other H atoms were placed in idealized positions with 
d(C— H) = 0.95 A (CH), 0.99 A (CH2) and 0.98 A (CH3) and refined using a riding model with t/iso(H) fixed at 1.2 U,^{C) 
for CH, CH2 and 1.5 L'eq(C) for CH3. The solvent atoms were only isotropically refined. 

Computing details 

Data collection: X-AREA (Stoe & Cie, 2005); cell refinement: X-AREA (Stoe & Cie, 2005); data reduction: X-AREA (Stoe 
& Cie, 2005); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refme structure: 
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SHELXL97 (Sheldrick, 2008); molecular graphics: XP in SHELXTL (Sheldrick, 2008); software used to prepare material 
for publication: SHELXTL (Sheldrick, 2008). 




Figure 1 

The molecular structure of the title compound; displacement ellipsoids are drawn at the 30% probability level. Hydrogen 
atoms except H 1 are omitted for clarity. 

Dicarbonyl{3,3'-di-ferf-butyl-5,5'-tlimethoxy-2,2'-bis[(4,4,5,5- tetraphenyl-1,3,2-dioxaphospholan-2-yl)oxy- 
ifP]biphenyl}hydridorhodium(l) diethyl ether monosolvate 



Crystal data 

[Rh(C74H6808P2)H(CO)2]C4H,oO 

Mr= 1381.28 
Monoclinic, P2\ 
fl= 11.1489 (2) A 
Z> = 25.8458 (4) A 
c= 12.5941 (3) A 



^= 110.263 (2)° 
j/= 3404.43 (11) A^ 
Z = 2 

F(000) = 1444 

D,= 1.347 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 
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Cell parameters from 15841 reflections 
(9= 1.7-28.4° 
H = 0.36 mm"' 

Data collection 

Stoe IPDS II 

diflractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 

CO scans 

Absorption correction: numerical 

(X-SHAPE and X-RED32; Stoe & Cie, 2005) 
7U = 0.835, = 0.959 

Refinement 

Refinement on 
Least-squares matrix: fiill 
R[P > 2a(F^)] = 0.028 
wRiF^) = 0.063 
5' =0.94 

16262 reflections 
834 parameters 
35 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difierence Fourier 

map 



r=200K 
Prism, colourless 
0.40 x 0.35 x0.15 mm 



59171 measured reflections 

16262 independent reflections 
14238 reflections with / > 2ff(/) 
^i„, = 0.026 

dmax ^ 27.9°, 0mia = 1.6° 

= -14^14 
yt = -34^34 
/ = -16^16 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[(t2(F„2) + (0.0377P)2] 

where P = (F,^ + 2F/)/3 
(A/(7)™, = 0.001 
Apmax = 0.66 e 
Apn,,. = -0.47 e 

Absolute structure: Flack (1983), 7944 Friedel 
pairs 

Flack parameter: -0.026 (11) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defmed by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (t(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



y 



^-'iso ' *-^ec 



077 

H77A 

H77B 

H77C 

C78 

H78A 

H78B 

€79 

H79A 

H79B 

€80 

H80A 



1.0804(4) 

1.1508 

1.1042 

1.0626 

0.9699 (5) 

0.9490 

0.9908 

0.7521 (5) 

0.7315 

0.7635 

0.6510(6) 

0.5718 



0.91333 (17) 

0.9343 

0.8767 

0.9236 

0.9212 (2) 

0.9586 

0.9120 

0.9016 (2) 

0.8699 

0.9304 

0.9131 (3) 

0.9181 



0.5094 (3) 

0.5030 

0.5147 

0.5774 

0.4129(4) 

0.4077 

0.3449 

0.3186(4) 

0.2715 

0.2713 

0.3584 (6) 

0.2938 



0.0878(11)* 

0.132* 

0.132* 

0.132* 

0.1113 (15)* 

0.134* 

0.134* 

0.1172(17)* 

0.141* 

0.141* 

0.147(2)* 

0.221* 
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— u.uou (y) 


A A1 1 T iCi\ 

u.uii / (y) 


A AA/1 n tQ\ 

— U.UU4/ (6) 


C4/ 


U.UDU4 (lo) 


0.0441 (14) 


A A'J /I A 

U.U36y 


f^'^\ 

(13) 


A AAA'? / 1 0\ 

— U.UU03 (12) 


A AO'50 /10\ 

U.U23o (12) 


A AA01 /I A\ 

— U.UUz3 (lU) 


C46 


U.U4/4 (Id) 


A AylOA /^l /l\ 

U.04oy (14) 


A AO O C 

U.OzsD 


(11) 


A A A ^ n / 1 1 \ 
0.001 / (11) 


A AA/1 A / 1 A\ 

u.uu4y (lu) 


A AAI O / 1 AA 
— U.UU36 (lU) 


C4y 


U.UDOZ (lo) 


A A/1 1 A /I o^ 

U.U41U (Iz) 


A A'2 1 A 

U.U3 lU 


(11) 


A AAOO /I o^ 

Kl.WA':) (12) 


A A1 A1 t\W 

u.uiyi (11) 


A AAT2 (CW 

— u.uu/3 (y) 




A A^OA /"I n\ 

U.OozU (1 /) 


A A'3 1 A /"I 1 \ 

o.o3iy (11) 


A A/1'3A 

0.0430 


(13) 


A A AO 1 /"I 1 \ 
—(J.WZV (11) 


A AOOC /I 0\ 
\i.\)ZZ^ (12) 


A AAT^ /"AX 

u.uo/z (y) 




U.Uilo (11) 


A AO C O iCW 

o.uzDo (y) 


A AO /TO 


(9) 


A AAC A /OA 

U.UUD4 (o) 


A A 1 O O /'0\ 

U.U12S (s) 


A A A /I fn\ 

U.UU4D (/) 




A AO/^O / 1 1 \ 

U.UZOZ (11) 


A AOT 1 /o^ 

U.UZ / 1 (y) 


A AO C A 

U.UzDU 


few 
(9) 


A AACA i9\ 
\}.\J\}D\J (O) 


A A1 A'2 /'0^ 

U.U1U3 (o) 


A aa/;a fn\ 
U.UUoU (/) 




U.U3 /y (13) 


A AQOC /I 1 \ 

U.U3oD (11) 


A AOCA 


z' 1 CW 

(10) 


A AAAA /'0^ 

u.uuuu (y) 


A A1 OT (C\\ 

U.U12/ (y) 


A AA/ll (Q\ 

U.UU43 (o) 


Cd4 


U.UDzo (lo) 


A A/I/CA /I 0\ 

U.U4o0 (Iz) 


A A'^ 1 A 

0.0314 


/I 1 \ 

(11) 


A AACT /I 1 \ 
U.OOD / (11) 


A A1 "i/C /I A\ 

U.U136 (lU) 


A AA1 A tew 

— U.UU14 (y) 


Cdd 


A AO /I /'0\ 

U.uo4 (z) 


A A^O /"OA 

O.Uoz (z) 


A AO T A 

U.U3 /U 


(12) 


A AAOA /'^ C\ 

\j.\j\jZ\) (Id) 


A A 1 f\n /I O \ 

U.UlU/ (13) 


A A 1 O /C /I 0\ 

— U.Ulio (Iz) 


Cjo 


A A^O /'0\ 

u.u /z (z) 


A AQO /"OA 
U.Uoy (Z) 


A AOAC 

u.UzyD 


(13) 


A AAOO /I 0^ 

\}.\)\}AA (lo) 


A AAOO /I ■2\ 

—\j\}\)ZZ (13) 


A AA^/1 /■! /1\ 

— U.UUj4 (14) 


CD / 


A ACOO 
U.UDZO (1 /) 


A A'71 A /"I 0^ 

u.u / lu (ly) 


0.0356 


(13) 


A A1 ^1 ^^ A\ 
\).\}Vii (14) 


A AA/CA /I 0\ 

u.uuoy (12) 


A A1 A'2 (\ '*>^ 

U.U1U3 (Iz) 




U.U44D (14) 


AA/101 /1'5\ 

U.U481 (13) 


0.0293 


(11) 


A AAA/1 { \ ^\ 

u.uuy4 (11) 


A A 1 1 O / 1 A\ 

U.UI 12 (iU) 


A AA/CT /I A\ 

U.UUo/ (lU) 


Coy 


U.U3Dy (13) 


A AO /I O /I A\ 
\J.KJl'\ti (lU) 


0.0343 


(11) 


A AA/T"? /AA 

U.UU63 (y) 


A AO 1 1 /I A\ 

U.U21 1 (iU) 


A AAC7 fO\ 

U.UUj / (o) 


CoU 


U.Ujj4 (Id) 


A ATCO /I 1 ^ 

\}.\)5j1 (11) 


0.0409 


(12) 


A A A/I /I ^1 1 ^ 

U.UU44 (11) 


A AOOT /I o^ 

U.U2o / (12) 


A AAO 1 /■! A\ 
U.UUyi (lU) 


Coi 


A ATI /'0\ 

U.U/1 (z) 


A A/) 1 c 
U.U41D (13) 


0.0588 


(16) 


A AAOO /I 1\ 

\}.\}\}ZZ (13) 


A A/I A'7 /I 

U.U4U/ (lo) 


A A1 rfii /"I 
U,Ulo3 (Iz) 


Coz 


A AC 1 1 /I n\ 
U.UMl (1 /) 


A ATOO ^1'5\ 
U.U3SB (13) 


0.081 (2) 


A AA'5/: /10\ 

— U.UU3D (12) 


A A'5 AA / 1 £,\ 

u.u3yy (16) 


A AIIT 

U.Ull / (13) 


Co3 


A AO /CI 1 /I \ 

l).l)3ol (14) 


A A/nc /l /1\ 
U.U4/D (14) 


0.0645 


(17) 


A AA/1 A / 1 1 \ 

— o.uo4y (11) 


A A 1 A/C /I O \ 

U.Uiy6 (13) 


A AA/1 A /l T\ 

u.uu4y (Iz) 


Co4 


yj.yjiij (13) 


A AQO/l o^ 

U.U3o4 (Iz) 


0.0461 


(13) 


A AA1Q /'1A^ 

U.UUlo (lu) 


A A1 OA /I 1 ^ 

U.UloU (11) 


U.Ulll (lU) 


Coj 


U.Uzoo (11) 


A A/1 10 /! 0\ 

U.U41Z (Iz) 


0.0262 


(10) 


A AA^A iCk\ 

u.uu3y (y) 


A AAAO /OA 

u.uuyo (o) 


A A1 A/I /Q^ 

U.U1U4 (o) 


Coo 


AATOO /10\ 

Kl.yiili (12) 


A AC1A 

U.OdIU (13) 


0.0320 


(11) 


A f\r\n £^ /I A\ 

—0.0076 (10) 


A AAO A /'A\ 

0.0084 (y) 


A AATA /1A\ 

o.oozy (10) 


Co/ 


U.(J3DD (14) 


A f\n An / 1 o\ 
U.U/4/ (lo) 


0.0444 


(14) 


AAI'31 /1'3\ 

— U.U131 (13) 


A AAO T / 1 1 \ 

0.0023 (11) 


AA1/IO /IIX 

U.U140 (13) 


Coo 


U.UzoU (14) 


A 1 AA /'0\ 
U.l UU (z) 


0.0613 


(17) 


A AAOl /"I c^ 

— U.UU23 (ID) 


A AACO /I o^ 

\).\)\)^Z (12) 


A Aloc ^^^\ 
(1 /) 


Coy 


U.U34/ (ID) 


A AO 1 /o^ 
U.Usl (z) 


0.081 (2) 


A AO/1/C /'I C\ 

U.U240 (ID) 


A AOOC ^^ c\ 
U.U2oD (ID) 


A A/1 /I c / 1 n\ 
U.U44D (1 /) 


/^'7A 

c/u 


U.U333 (13) 


A AC AA / 1 /I \ 

U.UdUU (14) 


0.0572 


(15) 


AA10A/11\ 

u.ui2y (11) 


A AIA/T /IIA 
U.UiyO (11) 


A AO 1 A / 1 0\ 

U.U21U (12) 


C/i 


A AO A /I 1 0\ 

u.uzy4 (IZ) 


A AO AC / 1 A\ 
U.U/yD (lU) 


0.0356 


(11) 


A AA"? n {0\ 

yj.Wi / (o) 


A A 1 T A /A\ 

U.UI /u (y) 


A AAAA /'0\ 

y>Xiy>\r) (o) 




A A'^ Ayl /I -IX 

U.U3y4 (13) 


A Al A/I /I 1 \ 

0.U304 (11) 


0.0401 


(12) 


A AAA£ /'A\ 

u.uuyo (y) 


A A1 OA /I A\ 

U.UloU (lU) 


A A A'7 /I /'A\ 

u.uu/4 (y) 




U.UDo3 (lo) 


A AO/CA / 1 A\ 

U.UzoU (lU) 


0.0588 


(15) 


A AA/1 /I /I A\ 

U.UU44 (lU) 


AAOA/1 /1'3\ 

U.U2y4 (13) 


A AAC 1 /I A\ 

U.UUdI (lU) 


r^n A 
C/4 


A ACJ /'0\ 

U.l)o3 (z) 


A AO 1/1 / 1 0\ 

U.U314 (Iz) 


0.0650 


(18) 


A AAT 1 / 1 T \ 

— U.UU/ 1 (13) 


A AO O 1 /I n\ 

U.U2ol (1 /) 


AA11C /10\ 
— U.UllD (12) 


C/3 


A AA/C i1\ 

u.uyo (3) 


AA/IOI M/l\ 

U.U431 (14) 


0.0418 


(14) 


A AACO / 1 C\ 

— U.UUDo (Id) 


A A1 /I /c^ 
U.UI /6 (16) 


A AAAO / 1 1 \ 

— u.uuys (11) 


C/0 


A A/TO O /I T\ 

U.UoZo (1 /) 


A A'5 AA / 1 1 A 
U.U3Uy (11) 


0.0324 


(11) 


A AA 1/1 z' 1 1 \ 

U.UU14 (11) 


A ai/:a /'11^ 
U.Uloy (11) 


A AAA'} /A\ 

U.UUU3 (y) 


01 


0.0233 (7) 


0.0216(6) 


0.0277 


(7) 


0.0013 (5) 


0.0060 (5) 


-0.0010(5) 


02 


0.0208 (7) 


0.0273 (7) 


0.0261 


(6) 


0.0041 (5) 


0.0041 (5) 


-0.0031 (5) 


03 


0.0251 (7) 


0.0269 (6) 


0.0270 


(7) 


0.0056 (6) 


0.0084 (6) 


-0.0006 (5) 


04 


0.0296 (8) 


0.0247 (7) 


0.0222 


(7) 


-0.0006 (6) 


0.0047 (6) 


0.0021 (5) 


05 


0.0336 (8) 


0.0256 (7) 


0.0291 


(7) 


0.0061 (6) 


0.0145 (6) 


0.0048 (5) 
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(Jo 


U.U jUU (OJ 


A AO C 1 in\ 

U.UzDl (/) 


A AT T C 

U.UzzD (6) 


yj.yjyjib (6) 


A AAAO 

U.UU9Z (6) 


A AA1 O /C\ 

U.UU3o (j) 


U/ 


A 1 1 C 

I). 115 (zj 


U.041D (11) 


U.0/59 (Id) 


A A AT / 1 T \ 

0.0036 (13) 


AA1A/I t^A\ 

— U.01U4 (14) 


—0.0194 (11) 


(Jo 


U.Uo/z (13) 


A AO /lO /■ 1 ^\ 

0.0o42 (1 /) 


0.0/09 (13) 


0.0133 (Iz) 


A AC \ A /"I 1 ^ 

U.UD 14 (11) 


(J.0z64 (Iz) 


09 


0.0313(9) 


0.0427 (9) 


0.0463 (9) 


0.0127 (7) 


0.0056 (7) 


-0.0105 (7) 


OlO 


0.0423 (9) 


0.0219 (7) 


0.0406 (8) 


-0.0021 (6) 


0.0176 (7) 


0.0014 (6) 


PI 


0.0218 (3) 


0.0234 (2) 


0.0234 (2) 


0.0023 (2) 


0.0071 (2) 


0.00024 (19) 


P2 


0.0243 (2) 


0.0229 (3) 


0.0240 (2) 


0.0010 (2) 


0.00854 (17) 


0.00250(18) 


Rhl 


0.02251 (7) 


0.02832 (7) 


0.03357 (7) 


-0.00073 (8) 


0.00617 (5) 


0.00755 (8) 



Geometric parameters (A, °) 



C77— C78 


1.414(5) 


C41— C42 


1.520(4) 


C77— H77A 


0.9800 


C41— C43 


1.523 (3) 


C77— H77B 


0.9800 


C41— C44 


1.537(3) 


C77— H77C 


0.9800 


C42— H42A 


0.9800 


C78— Oil 


1.369 (4) 


C42— H42B 


0.9800 


C78— H78A 


0.9900 


C42— H42C 


0.9800 


C78— H78B 


0.9900 


C43— H43A 


0.9800 


C79— Oil 


1.377 (4) 


C43— H43B 


0.9800 


C79— C80 


1.415 (5) 


C43— H43C 


0.9800 


C79— H79A 


0.9900 


C44— H44A 


0.9800 


C79— H79B 


0.9900 


C44— H44B 


0.9800 


C80— H80A 


0.9800 


C44— H44C 


0.9800 


C80— H80B 


0.9800 


C45— 09 


1.415 (3) 


C80— H80C 


0.9800 


C45— H45A 


0.9800 


CI— 07 


1.132(3) 


C45— H45B 


0.9800 


CI— Rhl 


1.909 (3) 


C45— H45C 


0.9800 


C2— 08 


1.133 (3) 


C46— C47 


1.529 (4) 


C2— Rhl 


1.909 (2) 


C46— C49 


1.532 (3) 


C3— 01 


1.464 (2) 


C46— C48 


1.536 (3) 


C3— CU 


1.528 (3) 


C47— H47A 


0.9800 


C3— C5 


1.531 (3) 


C47— H47B 


0.9800 


C3— C4 


1.604 (3) 


C47— H47C 


0.9800 


C4— 02 


1.453 (2) 


C48— H48A 


0.9800 


C4— C23 


1.524 (3) 


C48— H48B 


0.9800 


C4— C17 


1.537 (3) 


C48— H48C 


0.9800 


C5— C6 


1.388 (3) 


C49— H49A 


0.9800 


C5— CIO 


1.398 (3) 


C49— H49B 


0.9800 


C6— C7 


1.3814(18) 


C49— H49C 


0.9800 


C6— H6 


0.9500 


C50— OlO 


1.421 (3) 


C7— C8 


1.3797(19) 


C50— H50A 


0.9800 


C7— H7 


0.9500 


C50— H50B 


0.9800 


C8— C9 


1.3811 (19) 


C50— H50C 


0.9800 


C8— H8 


0.9500 


C51— 05 


1.462 (2) 


C9— CIO 


1.3811 (18) 


C51— C53 


1.520 (3) 


C9— H9 


0.9500 


C51— C59 


1.532 (3) 


CIO— HIO 


0.9500 


C51— C52 


1.643 (3) 


Cll— C12 


1.387 (3) 


C52— 06 


1.459(2) 


Cll— C16 


1.392 (3) 


C52— C71 


1.524 (3) 


C12— C13 


1.390 (3) 


C52— C65 


1.527 (3) 
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C12 — H12 


0.9500 


C13 — C14 


1.378 (3) 


C13 — H13 


0.9500 


/~1 1 y| /"lie 

C14 — C15 


1.372 (3) 


A TT1 

C14 — H14 


0.9500 


C15 — Clo 


1.382 (3) 


C15 — H15 


0.9500 


C16 — H16 


0.9500 


C17 — C22 


1.386 (2) 


C17 — C18 


1.391 (2) 


C18 — C19 


1.3779 (18) 


C18 — His 


0.9500 


C19 — C20 


1.3754 (18) 


/~1 1 /*\ TT 1 A 

C19 — ^H19 


0.9500 


C20 — C21 


1.3751 (18) 


C20 — H20 


0.9500 


Lzl — Czz 


1.3778 (18) 


C21 — H21 


0.9500 


C22 — H22 


0.9500 


C23 — C28 


1.385 (3) 


C23 — C24 


1.389 (3) 


C24 — C25 


1.3800 (18) 


C24 — H24 


0.9500 


C25 — C26 


1 T TA 1 /I 0\ 

1.3791 (18) 


C25 — H25 


A ACAA 

0.9500 


C26 — C27 


1.3775 (18) 


C26 — H26 


0.9500 


C27 — C28 


1 O O A^ / 1 0\ 

1.3802 (18) 


Cz7 — Hz7 


A ACAA 

0.9500 


C28 — H28 


0.9500 


C29 — 03 


1 OA/' /''^\ 

1.396 (2) 


C29 — C34 


1.397 (3) 


Cz9 — C30 


1 /lAA /OX 

1.400 (3) 


C30 — C31 


1.398 (3) 


C30 — C41 


1.545 (2) 


C31 — C32 


1 O A 1 /I \ 

1.391 (3) 


C31 — H31 


0.9500 


C32 — 09 


1.358 (2) 


L32 — C33 


1.382 (3) 


C33 — C34 


1 lAO /-^X 

1.393 (3) 


C33 — H33 


0.9500 


C34 — C35 


1.485 (3) 


C35 — C36 


1.383 (3) 


Cj5 — L40 


1 /I A^ /") \ 

1.402 (i) 


C36— 04 


1.403 (2) 


C36— C37 


1.407 (3) 


C37— C38 


1.375 (3) 


C37— C46 


1.548 (3) 


C38— C39 


1.394 (3) 



C53 — C54 


1 IOC 

1.385 (z) 


C53 — C58 


1 TOT 

1.387 (2) 


C54 — C55 


1.377 (4) 


r^C A TTC^I 

C54 — H54 


A ACAA 

0.9500 


C55 — C56 


1 T 0 ,1 A\ 

1.384 (4) 


C55 — H55 


0.9500 


L56 — C57 


1 "^nA t A\ 

1,374 (4) 


C56 — H56 


A ACAA 

0.9500 


CD / — Ljo 


l.J /8 (4) 


C57 — H57 


0.9500 


/~^CO TTCO 


A ACAA 

0.9500 


C59 — C64 


1 o 0 c /o \ 

1.385 (3) 


Cjy — cou 


1 1A1 

1.393 (3) 


C60 — C61 


1 1 01 C /I A\ 

1.3835 (19) 


/"'/'A TT/'A 

C60 — H60 


0.9500 


C61 — C62 


1 0 0 A C /I A\ 

1.3805 (19) 


Col — Hoi 


A ACAA 

0.9500 


Lo2 — Co3 


1 0 0 1 T / 1 A\ 

1.3817 (19) 


C62 — H62 


0.9500 


C63 — C64 


1 1 0 1 /I /I A\ 

1.3814 (19) 


L63 — ^H63 


A ACAA 

0.9500 


C64 — Ho4 


A ACAA 

0.9500 


C65 — C70 


1.386 (3) 


C65 — C66 


1 TOO /T \ 

1.388 (3) 


Lob — C67 


1 T 0 C /I A\ 

1.3835 (19) 


C66 — H66 


0.9500 


C67 — C68 


1 0 d 0 /■ 1 A\ 

1.3823 (19) 


C67 — H67 


A ACAA 

0.9500 


C68 — Co9 


1.38/ (z) 


C68 — H68 


0.9500 


C69 — C70 


1 '5 0 /I A / 1 A\ 

1.3840 (19) 


C69 — ^H69 


A ACAA 

0.9500 


C/U — ^H/0 


A ACAA 


C71 — C76 


1.378 (3) 


C71 — C72 


1 T AT \ 

1.397 (3) 


C72 — C73 


1 OTA /IN 

1.379 (3) 


C /Z — H 1 1 


A ACAA 

U.yDuU 


C73 — C74 


1.375 (4) 


C73 — H73 


0.9500 


C74 — C75 


1 '5'70 /' A\ 

1.378 (4) 


C74 — H74 


A ACAA 

0.9500 


C75 — C76 


1.376 (3) 


C75 — H75 


A ACAA 

0.9500 


C /o — hi /6 




01— PI 


1.6106(14) 


02— PI 


1.6224 (14) 


03— PI 


1.6336(14) 


04— P2 


1.6146(14) 


05— P2 


1.6039(14) 
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C38— H38 
C39— OlO 
C39— C40 
C40— H40 



0.9500 
1.367 (2) 
1.375 (3) 
0.9500 



06— P2 
PI— Rhl 
P2— Rhl 
Rhl— HI 



1.5979 (14) 
2.3045 (5) 
2.2913 (5) 
1.42 (3) 



C78— C77— H77A 
C78— C77— H77B 
H77A— C77— H77B 
C78— C77— H77C 
H77A— C77— H77C 
H77B— C77— H77C 
Oil— C78— C77 
Oil— C78— H78A 
C77— C78— H78A 
Oil— C78— H78B 
C77— C78— H78B 
H78A— C78— H78B 
Oil— C79— C80 
Oil— C79— H79A 
C80— C79— H79A 
Oil— C79— H79B 
C80— C79— H79B 
H79A— C79— H79B 
C79— C80— H80A 
C79— C80— H80B 
H80A— C80— H80B 
C79— C80— H80C 
H80A— C80— H80C 
H80B— C80— H80C 
C78— Oil— C79 

07— CI— Rhl 

08— C2— Rhl 
01— C3— Cll 
Ol— C3— C5 
Cll— C3— C5 

01— C3— C4 
Cll— C3— C4 
C5— C3— C4 

02— C4— C23 
02— C4— C17 
C23— C4— C17 
02— C4— C3 
C23— C4— C3 
C17— C4— C3 
C6— C5— CIO 
C6— C5— C3 
CIO— C5— C3 
C7— C6— C5 
C7— C6— H6 



109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

116.2(4) 

108.2 

108.2 

108.2 

108.2 

107.4 

109.3 (5) 
109.8 
109.8 
109.8 
109.8 
108.3 
109.5 
109.5 
109.5 
109.5 
109.5 
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